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The  ra di a tion  shield ing  prop er ties  of  three  dif fer ent  stain less  steels  have  been  in ves ti gated.  For
this pur  pose, lin  ear at  ten  u  a  tion co  ef  fi  cients at pho  ton en  ergy lev  els of 662 keV and 1250 keV
have been mea  sured. The ob  tained re  sults showed that fer  rit  ic stain  less steel was more ca  pa  ble
in stop  ping the high en  ergy pho  tons than its non-mag  netic coun  ter  part.
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IN TRO DUC TION
The  ra di a tion  shield ing  of  per son nel  and  the
pub lic at the work place means plac ing a suit able ma te -
rial be  tween the ra  dio  ac  tive source and the per  son  nel.
It is well known that some ma te ri als are more ef fec tive
than  oth ers  in  shield ing  par tic u lar  types  of  ra di a tion.
On the other hand, the type and amount of shield  ing
ma  te  rial needed for the shield  ing vary with the type
and  quan tity  of  ra dio ac tive  ma te rial  be ing  shielded
[1]. The shield  ing of gamma-rays and neu  trons by 12
con  crete spec  i  mens pre  pared with and with  out min  -
eral ad di tives was stud ied by Yilmaz et al. [2]. The re -
corded val  ues showed a change in en  ergy of the in  ci  -
dent beam and con  crete com  po  si  tion. In ad  di  tion to
this, Akkurt et al. [3]  mea sured  the  lin ear  at ten u a tion
co ef fi cients  for  con crete  con tain ing  ze o lite  as  an  ag -
gre gate  in  dif fer ent  con cen tra tions  (0%,  10%,  30%,
and 50%). The lin ear at ten u a tion co ef fi cient mea sured 
on four con  crete blocks de  creased by in  creas  ing the
quan  tity of ze  o  lite. It was con  cluded that the ad  di  tion
of ze o lite as an ag gre gate in the con crete is not an al ter -
na  tive op  tion to be used for the pur  poses of ra  di  a  tion
shield  ing. In the mean  time, Rezaei-Ochbelagh and
Azimkhani [4] stud ied the gamma-ray shield ing prop -
er ties  of  con crete  con tain ing  vary ing  per cent ages  of
lead pow  der and sil  ica fume. The au  thors re  ported a
slight de  crease in the gamma-ray at  ten  u  a  tion with the
ad di tion of sil ica fume. They sug gested the use ful ness
of 15% sil ica fume ce ment con crete con tain ing lead as
a gamma shield.
Car  bon steel or stain  less steel, as lead, has been
com monly  used  as  ma te ri als  for  ther mal  and  ra di a tion
shields  [5,  6].  Cor  re  spond  ing to this, it has been
found that  the  mea sured  ef fec tive  lin ear  at ten u a tion 
co  ef  fi  cient of car  bon steel gives an av  er  age value of
0.340 cm–1. On the other hand, it has been shown that 
the  to tal  mass  at ten u a tion  co ef fi cients  (m/r) val  ues of
steel de  crease by in  creas  ing the pho  ton en  ergy [7].
This re  sult shows that the mass at  ten  u  a  tion co  ef  fi  -
cients vary with the vari  a  tion of the atomic and elec  -
tronic  num ber  for  dif fer ent  steel  com po si tions.  Thus,
un der stand ing  the  ba sic  prin ci ples  in volved  in  the
phys i cal  in ter ac tions  of  gamma  ra di a tion  with  mat ter
can help in the choice of shield  ing for a given ap pli ca  -
tion.  In ad di tion, the mag ne ti za tion is an im por tant pa -
ram  e  ter for the steel and un  der the mag  netic field the
be  hav  ior of those ma  te  ri  als can be dif  fer  ent for dif  fer  -
ent  char ac ter is tics.  It  is  there fore  nec es sary  to  fur ther
ex am ine  the  ra di a tion  shield ing  of  steel  with  dif fer ent
mag netic prop er ties. In this study, the mag netic be hav -
ior on the ra  di  a  tion shield  ing of three dif  fer  ent stain  -
less steels is in  ves  ti  gated.
EX PER I MEN TAL  METHOD
The sub strates used for this study were AISI 304, 
AISI 316 L, and AISI 430 stain  less steel, re  ceived in
the an nealed con di tion. Chem i cal com po si tions of  the
test ma  te  ri  als are listed in tab. 1.
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´.2 mm ´.15 mm and the mag  ne  ti  za  tion of the steel
spec  i  mens was mea  sured us  ing a Cryo  genic Q-3398
vi brat ing sam ple mag ne tom e ter (VSM). The mea sure -
ments of mag  netic hys  ter  esis loops were per  formed at
295 K with the ap plied mag netic fields of up to ±7 T.
Fi nally,  to  in ves ti gate  the  ra di a tion  shield ing
prop  er  ties of the AISI 304, AISI 316 L, and AISI 430
stain less  steel,  the  lin ear  at ten u a tion  co ef fi cients  (m)
were mea  sured at the pho  ton en  ergy of 662 keV and
1250 keV ob  tained from the 137Cs and 60Co g-ray
sources, re  spec  tively. For this pur  pose, g-rays trans  -
mit  ted through the steel were de  tected us  ing a gamma
spec  trom  e  ter that con  sists of a 3 × 3-inch NaI(Tl) de  -
tec tor  con nected  to  a  mul ti chan nel  an a lyzer  (MCA).
The de  tec  tor sys  tem com  mu  ni  cates with a PC us  ing
the Ge  nie 200 soft  ware. If N and N0 are the mea  sured
count rates in the de  tec  tor with and with  out the ab  -
sorber of thick ness x [cm], re spec tively, then the ra di a -
tion  ab sorp tion  co ef fi cient  m can be ex  tracted by the
stan dard  equation
N N
x =
-
0e
m
The slope of the ln(N/N0) vs. x plot gives m. Fur  -
ther  ex per i men tal  de tails  are  de scribed  in  [8].
EX PER I MEN TAL  RE SULTS
AND  DIS CUS SION
Stain  less steel is an iron-based al  loy pri  mar  ily
known for its ex  cel  lent cor  ro  sion re  sis  tance, which is
largely due to the steel's chro  mium con  cen  tra  tion.
There are sev eral dif fer ent types of stain less steel. The
two main types are austenitic and fer  rit  ic, each of
which ex hib  its a dif fer  ent atomic ar range  ment. Due to
this dif fer ence, fer rit ic stain less steel is gen er ally mag -
netic while the austenitic stain  less steel usu  ally is not
[9].
The typ  i  cal hys  ter  esis loops ob  tained from the
steel are shown in fig. 1. From this fig ure, the mag netic 
be  hav  iour of the AISI 430 fer  rit  ic stain  less steel is
shown clearly. The high mag  netic sat  u  ra  tion of the
AISI 430 is due to its Fe and C con cen tra tion. In lit er a -
ture, it has been pointed out that the sat u ra tion mag ne -
ti  za  tion is known to be in  sen  si  tive to the struc  ture in
the sense that it does not de  pend on the de  tails of the
fine struc  ture, such as the strain, lat  tice im  per  fec  tion
and/or small amounts of im  pu  ri  ties [10, 11]. Crangle
[12] showed that iron with car  bon ex  ists as Fe3C
through  high  tem per a ture,  i.  e.
3Fe C Fe C 3 + ®
The Fe3C is fer  ro  mag  netic. In ad  di  tion, it has
been shown that the stain less steel that con tains nickel, 
gen er ally re ferred to as a 300 se ries, is not mag netic at
all. The rea  son is that the pres  ence of the nickel al  ters
the phys  i  cal struc  ture of the stain  less steel and re  -
moves or in  hib  its any mag  netic qual  i  ties. From fig. 1
and the microstructure (fig. 2) ob  tained from this
study, we say that the AISI 304 and AISI 316 L steel
are austenitic-stain less steel and do not show mag netic 
prop er ties, whereas the AISI 430 fer rit ic stain less steel 
shows mag  netic be  hav  iour. This re  sult is in a good
agree ment  with  the  lit er a ture.
Now let us con  sider the re  la  tion be  tween the ra  -
di a tion shield ing and mag netic be hav iour of steel. The
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Ta  ble 1. Chem  i  cal com  po  si  tion of steel used [wt.%]
C Cr Ni Si P S Mn
316 L 0.03 18 10 1.0 0.04 0.03 1.5
304 0.08 18 10 1.0 0.04 0.03 1.5
430 0.12 18 – 1.0 0.05 0.03 1.0
Figure 1. The typ  i  cal hys  ter  esis loops of steel used in
this studylin ear  at ten u a tion  co ef fi cients  of  steel  were  mea sured
at the pho  ton en  ergy of 662 keV and 1250 keV ob  -
tained from 137Cs and 60Co g-ray sources, re spec tively. 
This mea  sure  ment has been per  formed for steel with
dif  fer  ent mag  netic prop  er  ties. This is dis  played in fig.
3  where it can clearly be seen that the AISI 430 fer rit ic
stain less steel has a high  m both at the pho ton en ergy of 
662 keV and 1250 keV.
The ra  di  a  tion shield  ing is based on the prin  ci  ple
of at ten  u a tion, which is the abil ity to re duce a wave's or
ray's ef fect by block  ing or bounc ing par ti cles through a
bar rier  ma te rial.  Charged  par ti cles  may  be  at ten u ated
by los  ing the en  ergy to the re  ac  tions with elec  trons in
the  bar rier,  while  gamma  ra di a tion  is  at ten u ated
through the scat  ter  ing or pair pro  duc  tion [13]. Thus,
lead  can  ef fec tively  at ten u ate  cer tain  kinds  of  ra di a tion
be  cause of its high den  sity and high atomic num  ber;
prin  ci  pally, it is ef  fec  tive at stop  ping gamma rays, and
X-rays. The high den  sity of the lead is caused by the
com  bi  na  tion of its high atomic mass and the rel  a  tively
small size of its bond lengths and atomic ra  dius [14]. In
ad  di  tion to the lead, it has been shown that the
steel-mag ne tite  has  higher  lin ear  and  mass  at ten u a tion
co ef fi cients  [15]. From our study, firstly, we say that m
de  pend on the in  com ing pho  ton en  er gies as the in  ter ac  -
tion mech a nism of pho tons with the me dium is dif fer ent 
for dif fer ent pho ton en er gies (fig. 3). By com par ing m of 
dif fer ent  steel,  the  lin ear  at ten u a tion  co ef fi cients  of
AISI 316 L and AISI 304 steel are very close to  gether
and these steel dis  play the austenitic be  hav  iour. On the
other hand, it is clear that the high  est m was found for
AISI 430 steel while the low est value for AISI 304 steel.  
This could be the re  sults of the dif fer  ent com po nents of
the steel. As can be seen from the tab. 1, the fer rit  ic and
austenitic steel have dif  fer  ent Fe, C, and Ni con  cen  tra  -
tions. The same re  sults has been ob  tained in the study
by Han and Demir [16]. They showed that the lin ear at -
ten u a tion  co ef fi cients  de pend  on  the  con cen tra tion  of
el  e  ments within the al  loy.
In con clu sion, there is a re la tion ship be tween the 
at ten u a tion    co ef fi cient    and    the    mag netic    sat u ra tion,
i. e., the fer rit ic stainles steel which dis plays the fer ro -
mag netic be hav iour has a high lin ear at ten u a tion co ef -
fi  cient due to the com  po  si  tion of the steel. Thus, the
fer rit ic stain less steel was more ca pa ble in stop ping the 
high en ergy pho tons than the non-mag netic steel. This
could give a chance to the use of fer ro mag netic steel in
terms of ra  di  a  tion shield  ing pur  poses in  stead of the
stan  dard shield  ing ma  te  rial such as lead.
AU THOR  CON TRI BU TIONS
The boronizing treat  ments for the spec  i  mens
were car  ried out by A. Calik. Metallography and
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Fig  ure 2. The microstructure of steel; (a) AISI 430, (b)
AISI 304, and (c) AISI 316L
Fig ure  3.  Lin ear  at ten u a tion  co ef fi cients  for  steel  at  the
pho  ton en  ergy of 662 keV and 1250 keVmicrostructural anal  y  ses were con  ducted by N.
Yilmaz.  Ra di a tion  mea sure ments  were  per formed  by
S. Akbunar. All au thors ana lysed and dis cussed the re -
sults pre  sented in the manu script. The manu script was
writ  ten by N. Ucar and I. Akkurt and the fig  ures were
pre  pared by M. S. Ka  rakas. Re  search was
co-ordinated by A. Calik.
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PORE\EWE  RADIJACIONIH  ZA[TITNIH  SVOJSTAVA
^ELIKA  RAZLI^ITIH  MAGNETNIH  OSOBINA
Prikazani su rezultati istra`ivawa radijacionih za{titnih svojstava tri vrste
~elika. Mereni su linearni koeficijenti slabqewa pri nivoima energije fotona od 662 keV i
1250 keV. Dobijeni rezultati pokazuju da fotone visokih energija boqe zaustavqa feritni nego
nemagnetni ~elik.
Kqu~ne re~i: ~elik, magnetizacija, za{tita od zra~ewa